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Abstract

The lifetimes of the 8% and BY have beeu measured using a sawmple of fully
reconstructed B decays. Using ~ 19,000/ — ptp” decays recorded with the
Collider Detector at Fermilab, 75+ 10 charged and 61£9 neutral B mesons have
been reconstrucied in the CDF silicon vertex detector. Unbinned likelihood fits
to the proper lifetime distributions of these B mesous give

rE 1.63 & 0.21 {stat) £ 0.16 (sys) ps

¢ 154 & 0.22 (stal) & 0.10 (sys) ps
v/ 1.06 % 0.20 (stat) £ 0.12 (sys)
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In the past two years, precision measurements of Lhe average b-flavored hadron
lifetime have been perlormed [1, 2] The results of these measurements can be used
to calculate the Cabibbo-Kobayashi-Maskawa matrix element |Vi| within the con-
text of a model of b meson decay [3]. The simplest such approach is the spectator
model, which predicts that the charged and neutral 13 meson lifetimes should he
equal. Although deviations {rom the spectator model are large in the charm sec-
tor, they are expected to be wuch smaller for b-hadron decays. Calculations of the
lifetime ratio that include non-spectator diagrams predict 7+/7% to be equal to 1.0
within 10-20% [4].

Measurements of the lifetimes of the Y and BY liave been made at PEDP and LEP
using partially reconstructed decays containing a lepton and a D® or D*# 3], Indirect
measurements have also been made by CLEO and ARGUS, ustng the ratio of the B+
and BY semileptonic brauching ratios [6]. We present here a measurement of the Bt
and BY liletimes using fully reconstructed decays of the form B — WK, where ¥
represents a J/40 or v (25) and K represents a NE NG, A(892)° or A7(892)F. The
data used in this analysis weve recorded by the Collider Detector at Fermilab (CDT)
during the first hall of the 1992-1993 Tevatron run. The data sample corresponds
to an integrated lwninosity of ~ 11 pb™" of pii collisions at a center-of-mass energy
ol 1.8 TeV. Throughout this paper, relerences to a specific charge state imply the
charge-conjugate state as well,

The CDF devector has been deseribed in detail elsewhere [7]. The detector sys-
tems used for this analysis are the silicon vertex detector (SVX), the central tracking
chamber (CTC) and the muon svstens. The SVX and CTC arve located i a 1.4 T
solenoidal maguetic field. The SVX cousists of | layers of silicon-strip detectors with
r-¢ readout, including pulse height iformation [3]. The pitch between readout strips
is 60 gm and a spatial resolution of 13 g has been obtained. The first measurement
plave is located 2.9 cm {rom the interaction point, leading to an impact parameter
resolution of ~ 15 jam for tracks with pp > 5 GeV/e, The CTC is a cylindrical drift
chamber containing 84 layers, which are grouped into allernating axial and stereo
superlayers containing 12 and 6 layers respectively, The CTC has a resolution of
opr/pr = [(0.0011py)? +((J‘U()(i(i)2}§ [or heam constrained tracks, where py is the mo-
mentwn transverse to the beam divection (measuved i GeV/ce), The central muon
system consists of three detector elements. The Central Muon Chambers (CMU),
located behind ~ 5 absorption lengths of material, provide muon identilication over
85% of ¢ for the pseudorapidity range || < 0.6. where y = — Inftan{2/2)]. This
7 region is further instruwmented by the Central Muon Upgrade (CMP), located af-
ter ~ 8 absorption lengths. The central muon extension (CMX), which covers the
pseudorapidity range 0.6 < |pl < 1.0, provides muon ideutification over 67% of the
azimuth aud is located behind ~ 6 absorption lengths.

CDE uses a three-level trigger system. At Level 1, two-muon candidates are
selected with a trigger that requires the presence of 2 chiarged tracks in the central
muoun system. The cfliciency for finding a inuon at Level ©rises from 50% at pp = 1.8
GeV/e to 90% for py = 3.8 GeV/eo At Level 2, the dimuon trigger requires that at
least one of the muon tracks watch a charged track in the C'I'C. This CT°C track is
found by a Central Iast Track processor (CFT) [9]. The efficiency 1o find a track iu



the CIT rises from 50% at 2.7 GeV/c to 90% for pp = 3.4 GeV/c. At Level 3, the
trigger (which is implemented using online track reconstruction soltware) sclects J /v
candidates by requiring the presence of two oppoesitely charged muons with invariant
mass between 2.8 and 3.4 GeV/et [10].

To reduce the background in the sample obtained with this trigger, the lollowing
muon selection cuts were applied: 1) The distance between the track in the muon
chamber and the extrapolated CTC track was calculated i the transverse plane. The
difference was required to be less than 3.0 standard deviations (o) from zero, where o
is calculated as the quadratic sum of the multiple scattering and measurement errors.
For muons in the CMU, where = position information is available, the 3¢ matching
requirement is made in the longitudinal view as well, 2) The energy deposited in
the hadronic calorimeter by cach muon was required to be greater than 0.1 GeV,
corresponding to the presence ol a mininum lonizing track. 3) The recoustructed py
of at least one of the muen tracks was required to be > 2.5 GeV/e.

Figure 1 shows the invariant mass distiibution for oppositely charged dimuon
candidates obtained with these cuts and with the additional requivenient that both
muons be reconstructed in the SVX. The invariant mass here has been caleulated
after constraining the two tracks to come from a common point in space (“vertex
constraint™). The arrows, placed £80 MeV/¢? from the world average value of the
J /i mass, indicate the mass cuts applied to define J/¢ candidates, The total number
of events in the signal region is 22,891, The number of J/é events alter background
subtraction is 19819 4 162.

Using this J/v sample, we have scarched for the decay ¢(28) — J/wrtr=. To
mmprove the mass resolution, the lour tracks are vertex constrained and the dimuon
mass is situltancously constrained 1o the world average J/d mass. Combinations
where the x? of this il corresponds to a confidence levet ol less than 19 are rejected,
Combinatoric hackground is [urther reduced by requiring that the two pions have an
invariant mass of less than 600 MeV/c? and requiring that the ¢(25) have ppr > 3.0
GeV/e Figure 2 shows the nvariant mass distribation of the J/@rt T~ combinations.
The (25) candidates ave deflined as all the combinations having a mass within £20
MeV/c? of the world average ¢(25) mass, as indicated by the arrows on the figure.

We search lor B mesons in the following channels:

Bt = Sy KT T T

Bt — Sy KN(892)F A N

BT - p25) KT — utpTwtaT AT
Bt - w(28) A (392)Y — utpoatrKNint
£ = g WY — gt KY

BY =y KN(892)Y — ot Ntr

B = p(28) A RN ANTRE aF S
BY = p2S) N(892)°  w tuTrtnTNtro

To insure that the decay point of the B meson is well imeasured, the following quality
cuts are applied to all tracks used in the reconstruction of the B imeson: 1} Bach track
must contain at least 2 C'TC axial superlayers cach of which must have at least 5 hit
layers. 2) Each track must contain at least 2 CT'C stereo superlayers cach of which



must have at least 2 hit layers. 3) Pach track must be reconstructed in the SVX
with hits on at least 2 out of 4 possible layers. For tracks with only 2 SVX hits, the
contribution of the SVX hits to the track ¢ must be less than 8. Requirement 3 is
not imposed on the tracks used to reconstruct K'Y candidates since the decay point of
the A'S may be ouiside the SVX outer radius. These K¢ candidates are selected by
requiring two oppositely charge tracks {assumed to be pions) with impact parameters
with respect to the primary vertex of at least 2 o, where o is the quadratic sum
of the measuremtent error on the impact pavameter and the size of the beam spot.
Figure 3 shows the tnvariant mass distribution of these 7¥7¥ combinations after a
vertex constrained fit and after requiring the impact parameter with respect to the
J/¢ vertex be less then 0.2 em. Combinations with a mass more than 20 MeV/c?
from the world average K¢ mass are rejected.

Reconstruction ol the B3 candidates proceeds In the same manner as the ¢(25).
AT or 2 (25) candidate is combined with a track {assumed to be a A'%), with
a [{¢ candidate, with two oppositely charged tracks (assumed to be a AE and a
7F) forning a K(392)" candidate or with a K'Y candidate plus a track (assumed to
be a 7%) forming a K*(892)F candidate. The S/ and (25) candidates are mass
constrained and all tracks (except the K decay products) are verlex constrained.
If the combination of tracks includes a A% candidate, a second fit is used Lo vertex
and mass constrain the K'Y decay products. Fach vertex it is required to have a 2
which corresponds to a confidence level of better than [%. Combinations where the
A(892) mass is more than 30 MeV/c¢? from the world average mass are rejected.

Final kinematic cuts for the reconstruction of the B% and B89 have been optimized
to give the smallest statistical crror un the background subtracted B meson signals.
For this optimization, a Monte Carlo simulation was used to model the signal coming
from B meson decays. Data in the sidebands of the invariant mass distributions
were used Lo determine the number ol hackground events, The optimizalion was
done separately lor cach chanuel, but the final cuts are not strongly decay-mode
dependent. Tor simplicity, we have chosen 1o use the same selection criteria for all
channels: pr(f3) > 6.0 GeV/e and pp(K) > 1.25 GeV/e. Here pr(K) is the transverse
mormentumof the reconstructed NE N 7(892), or A% candidate. No pp cuts are placed
on the individual tracks used to veconstruet the K decay.

The reconstruction described above has been apptiod 1o all possible track combi-
nations, thus allowing the saine /e 10 he used Tor more than one B candidate. Since
such duplicate events could bias the lifetime measurcment, they have been removed
as follows. We consider all candidates meeting the above cuts and with total mass
within £120 MeV/e? of the world average BB mass. For events where the same J /4
18 used with more thau oue combination of additional tracks, we keep only the candi-
date with the highest confidence level obtained from the x? of the vertex-constrained
fit. Tor events where the duplicate candidates arise [rom the ammbiguity ol the mass
assignment for the two tracks lorming the A{892)¢, the two candidates will have
identical vertex \? Here we keep only the candidate with the A7 or 7 A mass as-
signment closest to the world average A(392)° mass. The effect of the duplicate
removal is to decrease the number of events in the peak region by ~ 10%.

Backgrow:d in the B mesou invariant mass distributions comes from combinations



of J/4's with tracks produced during the h-quark (ragmentation or with other rema-
nents of the pp collision. Such tracks should reconstruct to the primary vertex. Thus
the background is largest {or eveuts where the decay distance is small. Although tlie
fit to the B meson lifetimes will use data with all proper times, a good estimate of
the statistical power of the data can be obtained by studying the number of signal
events in the sample with proper decay length greater than 100 pm. Figures 4a and
5a show the invariant mass distributions all B%* and BY candidates. Figures 4b and
5b show the same distributions once the 100 pm requirement is applied. The cut on
proper time removes a good fraction of the background.

We define the 3 meson signal region Lo be those events with invariant mass within
+30 MeV/c? of the world average B meson mass. Sideband regions, used to determine
the shape of the hackground under the mass pealk, are defined to have invariant mass
between 60 and 120 MeV/¢? from the world average 13 mass. These sidebands have
been chosen to exclude the regions where 3 «+ WKX events are kineratically allowed.

The technique used to measure the B4 and BY lifetimes is similar to that used to
measure the average B lifetime [2]. For cach B candidate, the two dimensional decay
distance L, is calculated. L., is the projection of the vector X poi nting {rom the
primary to the secoudary vertex onto the transverse momentum of the 13 candidate:

_ x. ;u_-;H
Loy = W

The primary vertex position is approximated by the mean beam posivion, determined
run-by-run using SVX information and averaging over many events. The transverse
profile of the beam is circular and has an rms of ~ 40 pni. Since the momentum of
the I3 meson is known, the proper decay length ¢r can be determined:

/ My
o= Ly y—p
nr

The lifetime of the 5% and 8% ave obtained by perlorming separate unbinned maxi-
mun likelibood lits to the er distributions of the charged and neutral event sarniples.
For each sample, the signal and sideband distributions are fit shimultaneously. Dur-
ing this lit the number of background events in the peak region is constrained to be
equal, within Poisson fluctuations, to the number of events in the normalized sideband
distributions. The [it is performed under the following assumptions:

o The signal region contaius both signal events {i.e. real £3 mesons correctly re-
coustructed) and background events. The proper times of the signal events
are distributed according to an expoucential function convoluted with a Gaus-
sian resolution [unction. T'he slope ol the exponential (A) is the lifetime to be
measured. The Gaussian reselution is determined for cach eveut from the mea-
surement error on L. The [it parameter « gives the {raction of signal events
in the peak region while A gives the nmber of signal events.

o Background events in the signal region Lave the same er distribution as the
events in the sideband region. The proper times of the background and sideband

fala }



Parameter it results
Charged B | Neutral B3
A=ct | 4183 £ 63462 £ 67
« (%] 3£ 37 ls o4+ 2
N [events] | 75 &+ 10 61 £ 9
- (%] 6 £ 41 1 £ 1
AT [perm] 38 = 15¢134 £ 87
e %] 5 £ 20 10 + 2
AT [je11] 134 £+ 50 3¢ £ 13

| Liletime ratio = 7¥/79=1.06 £ 0.20 |

Table 1: Results of the Fits to the BF and BY Lifetime.

events are distributed according 1o the the suim ol a Gaussian resolution function
and two exponential tails, one above thie Gaussian and one below, cach with a
different slope. This functional form of the background is identical to that used
in Refercuce {2]. The fit parameters [+ and [~ are the fraction of background
events in the positive-side and negative-side exponentials, while AT and A™ are
the exponential slopes,

Figure Ga and Iy show the distribution in o7 of the signal and sideband regions respec-
tively for all 5% candidates. Figure Ta and b show the same distributions for the 5.
The curves show the results ol the maximunm likelthood fit to the data. The results
ol these fils are also summarized in Table b The fitted liletimes are:

¥ = .63+ 0.21 s
™0 = 1544022 ps

where the quoted errors are are statistical only, but include correlations between the
fit parameters.

Estimates of the systematic uncertainty on the lifetime measurements are listed
in Table 2. Possible bias in the Lletime measurements due to residual misalignment,
trigger bias and movement of the beam-spot within a single run are derived in the
same manner as lor the inclusive h-hadron lifetime easurement (2] and are small
when compared to the statistical uncertaintioes on the lifetimes of the Bt and B°.
Since the result of the aximum likelihood it depends on the decay-tength ervor
calculated for cach event, we have varied these crrors by an overall scale lactor and
studied the result of this variation on the fitted lifetime. This introduces a 10 pun
uncertainty in the proper decay length. From studies using event samples generated
with a Moute Carlo technique, we place the systematic uncertainty due to biases in
the fitting procedure at 5 pn.

The largest systematic uncertainty on this measuresnent contes from the presence
of a sruall number ol events in the positive hiletime tails of the sideband distributions.
These events arc not well modeled by our background shape (Gaussian plus positive

6



| Source | Error on 3% (jun} | Error on B (m) |

Residual Misaligniment 10 10
Trigger Bias 6 6
Beam Stabilivy 5 5
Uncertaiuty in ¢r Resolution 10 10
Possible Bias in the Fit Procedure 5 5
Uncertainty in Sideband Shape 45 25

l Total | 48 ] 30 l

Table 2 Summary of Systematic Uncertainties

and negative going exponentials). The estimated contribution of such cvents to the
cr distribution in the signal region is 3.5 events 1 the % case and 1.5 events in
the BY case. To determine the bias these tails could introduce, we Lave fit the
lifetime using an extreme model of the background shape. We add to the background
parameterization a flat component in the range 0 < er < 0.2 cm. The normalization
of this flat component is allowed to vary in the fit. For the B% case, the likelihood fit
places 3% of the events in the flat background distribution. The B lifelime changes
from 488 pom to 449 e For the 129 case, the likelihood it places 1% of the events
in the flat background distribution. The B9 lifetime changes from 462 gm to 441
. Based on these vesults, we estimate a systematic uncertainty of 45 pm on the
BE lifetime and 25 o on the BY lifetime, When calculating the uncertainty on the
lifetime ratio, we assunie that these uncertainties on the charged and neutral liletimes
are uncorrelated,

In conclusion, we have measured the litetiimes of the BY and 5% mesons using
a sampl(-‘ of fu]'iy reconstructed B omeson decays in a variety of wmodes containing a
J/p — g i the decay chain, We lind

rt = 1.63 £ 0.2] (stat) £ 0. ]() (sys) ps
7Y = 1.5 £0.22 (stat) £ 0.10 (sys) ps
/Y = LOG & 0,20 (stat) £ 012 [sys)

The measurcment presented is based on ~ 172 ol the data currently collected by
CDI.
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